Abstract-Color space conversion has become a very important role in the image acquisition, display and the transmission of the color information in the replication. Printers and Image setter express color by CMYK space. But if color is edited and corrected in the CMYK space, it will cause a greater loss of color, and the Computing of computer will also be slowed down. So it often needs to be converted to a LAB uniform color space. Among the previous conversion methods, there is a widespread problem that is dark color tones is a little larger. In view of the problem above, we put forward a non-uniform segmentation method: with Prism geometry linear interpolation method and Pyramid linear geometry interpolation method, doing color modeling for color inkjet printer, realizing the conversion of CMYK and LAB (positive) color space; Meanwhile, we explore technical difficulties and the realization process of this method and give a comparison with these two testing results. Through the analysis of the results of the modeling, it can be seen that: The feature of these tow color space conversion methods we proposed in this paper is small in chromatic aberration, effective and simple. This method can also be applied to other color space conversion.
I. INTRODUCTION
Color space conversion is the core issue in color management [1] . Color image restoration or color distortion in reproduction process [2] are impacted by color characteristics of the color device, observing conditions (such as lighting, observing the field of view, background, etc.), the range of color gamut, and many other factors. LAB mode is a color space developed by CIE (International Lighting Commission). Any color in nature can be expressed in LAB space. LAB color space which is larger than CMYK space describes human visual sensor, device-independent [3] , making up the inadequacies that CMYK color space depends on the characteristics of equipment colors. In the color management, if all of the color conversion and color correction operations are based on the LAB space to complete, we can minimize the loss of color or color deviation.
In recent years, color space conversion algorithm can be mainly divided into color-mixing models, regression, LUT, neural networks and so on. All along, most of conversion methods in CMYK and LAB color space are complex, large-loss and low-accuracy, where the conversion results are unsatisfactory.
In the mixture model, Neugebauer equations, YuleNielsen model and Clapper-Yule model are fit for halftone printers, but Beer-Bouguer law and KubelkaMunk theory are based on hypo chromic principle fit for full-colored printers [4, 5] . Mixture model can be used to predict the color using relatively less measurements, but the distribution of the model error in the color space is uneven, and the scope of application is limited. Improving the algorithm such as the Cellular YuleNielson and cellular Clapper-Yule model, the model error decreases, but the measured values and data storage capacity increase, the model is also not accurate. Because of the above problems, the application of the mixture model is not very wide. Multiple regression method uses fewer samples to achieve color-space conversion of the color printers, but the accuracy is lower [6, 7] . Polynomial approach has the advantage that sampling points don't require uniform sampling in the source space; However, with the difference of the distribution of sampling points in object space, the conversion accuracy of polynomial regression will be very different; After determining the polynomial regression, the polynomial should be tested to ensure that the polynomial can achieve the precision, test-time spent longer [8] . When neural network is running the color-space conversion [9] , a large number of experimental samples should be measured and neural network needs much longer training-time, training-speed and the phenomenon [10, 11] , and the neural network as the printer's color-space conversion tools' bound needs much teach, unable to obtain the high accuracy [12] .
Three-dimensional looking-up table method mainly partitions the original color-space to construct the looking-up table. There are some main methods such as the tri-linear method, the three prism difference method, pyramid interpolation, tetrahedral interpolation, etc [13] [14] [15] . Three-dimensional looking-up table method mainly uses the evenly-divided segmentation method [16] , resulting in the inconsistent accuracy in the whole gamut.
In the past, three-dimensional looking-up table method exists a common problem that the prevalence of darkcolor tones is larger. In this paper, we proposed the use of the improved method, non-uniform non-linear partition method is, designed five-leveled non-uniform partitioning color-target, and using the spectrophotometer to measure the L, a, b values at all levels of the color-target, establishing the LUT table. Making use of Prism and Pyramid interpolation to partition the color-space, the conversion of the color-space in the CMYK and LAB (positive) can be realized; and the 182 color blocks in the S7, S8 standard color-target are used to test the model and analysis the results. In Pyramid method, the average error is 2.4205. Most of the results about the colordifference in color blocks are satisfactory, where the average color-difference is 2.6069 in Prism method.
Experiments have proved that compared with the traditional color-space conversion algorithm, this algorithm has four advantages: 1) This algorithm is easy to implement; 2) simplifying the solving process; 3) higher conversion accuracy; 4) fitting for other segmentation models.
II. THE PRINCIPLE AND METHOD FOR COLOR MODELING THROUGH PYRAMID AND PRISM INTERPOLATION

A. Process
The color space conversion method from CMYK to LAB based on Prism is described as follows: 
II. THE LUT TABLE ESTABLISHING
Firstly, the CMYK color-space is divided into 320 units and measured the LAB values of the vertex in the unit cube. Four-color in the printing is followed by light hypo chromic method. The greater the color-value is, the darker the color will be. Because of the larger colordifference in the dark-tone region, we use the five-level non-uniform partitioning method, as shown in the figure 1. Subdivide the dark-tone region to reduce the dark-color difference. By improving the interpolation accuracy of the model, four-color is divided into the following levels. 
III. COLOR SPACE CONVERSION
Pick from the test set a CMYK value according to which the corresponded point can be located. Find out the cell cube where the point is embraced and determined the CMY value of its 8 vertexes.
Determine the value of Cmin, Cmax, Mmin, Mmax, Ymin,Ymax and Kmin. Then combine these values (8 combinations When the C value ranges between 0 to 30, nc is recorded as 0; when the C value ranges between 30 to 50, nc is recorded 1; when the C value ranges between 50 to 80, nc is recorded 2, when the C value ranges between 80 to 100, nc is recorded 3; when the C value reaches 100, nc is recorded as 4.
Test the MYK value of the test value in the same way respectively, and nm, ny and nk can be obtained. The label of the cell cube can be decided in the following formula,
The array subscripts of the established LUT can be decided by the nk value and the formula.
IV. MAKING USE OF THE PYRAMID INTERPOLATION METHOD TO CALCULATE THE L, A, B VALUES After locating the cell cube where the measuring point is embraced, apply the pyramid interpolation in which the cube is divided into three parts. Find out the prism where the measuring point is located (as shown in Fig. 3 ) and apply the interpolation through the following formulas.
0 .
Locate the pyramid embracing the interpolation point.
A. The formulas of pyramid interpolation. 
B. Take Kmin, apply the pyramid interpolation and
obtain PC(XYZKmin).
C. Take Kmax and obtain PC(XYZKmax).
D. Apply the interpolation to K with PC(X1) and PC(X2)
.
The a and b value for modeling calculation can be obtained in the same way.
V. MAKING USE OF THE PRISM INTERPOLATION
METHOD TO CALCULATE THE L, A, B VALUES Prism interpolation is one of the three-dimensional linear geometry interpolation methods. When calculating the interpolation, first of all, determine the location of the test points in the color-space, that is to say, the points is in which cube in the five-level divisions. And then cut the cube into two triangular prisms to determine the point in which prism. At last, choose the appropriate formula to calculate the interpolation, as shown in Figure 4 . The formulas are:
Where m_c, m_m, m_y are the values of the test points; x1, y1, z1 are the values of green, fuchsine and yellow respectively in the first vertex.
According the formulas above, the steps are:
A. Determine the prism. If △ x> △ y, we suppose that the test point is in the prism 1, the interpolation formula is: 
If △ x ≤ △ y, we suppose that the test point is in the prism 2, the interpolation formula is: 
B. Set Kmin, making use of the prism interpolation to get the PC (XYZKmin).
C. Set Kmax, we can get PC (XYZKmax).
D. Make use of PC (X1) and PC (X2) to interpolate K value.
VI. CALCULATION OF THE COLOR DIFFERENCE
Through the formula of color difference calculation, m_l, m_a and m_b are the inputted L*a*b value while endl, enda and endb the one determined by applying pyramid interpolation. Therefore, the color difference of each color block sample can be calculated and then used to measure the accuracy of the modeling method.
VII. THE DEMO BY THE PROPOSED MODEL
In accordance of the method proposed in Section 2 -6, we implement the demo, which describes as the follows in detail，as shown in Figure 5，6，7 .
 Interpolation calculation can be carried out on the arbitrary color-block, the calculation results show the L, a, b values, △ x, △ y, △ z values and color-difference;  It can show the location of the input color-block in the cube and the four-color value of the eight vertices;  Automatically determine the input color-block in the prism one or the prism two, if in the prism one, the "Prism 2" is shaded automatically, that is to say, failure, and vice versa; the results can also be displayed on the pyramid using Pyramid method.  It can do the color-difference distribution statistics in the S7, S8 standard color-target, and getting the number that color-difference is less than 6, as well as getting the specific number of falling in the prism one and the prism 2. By Pyramid algorithm, the statistics of the color distribution for 182 blocks was carried out and the total number of color difference below 6 was obtained.  It can calculate the average error of the standard color-target test. In this experiment, the result is 2.4205 by pyramid method while 2.6069 using prism. There are 182 color blocks in the S7-and S8-standard color target with an average color difference of 2.4205 on pyramid and 2.6069 on prism. It can be seen by comparison the color differences generated by 1, 2, 3, 4, 5 model are the same, and two color difference value of the difference algorithm is very small, some even the same. As is indicated by Fig.8, Fig 9 , Table 1 and Table 2 , except for few points, the color difference of most points is below 4. Since a below-five color difference is not recognizable to naked eyes, this modeling is well made. The reason that caused chromatic aberration is:
A. Modeling the non-uniform focuses on a different partition.
The division of other regions in the level of detail is not enough when doing the detailed division, such as the color of 5, 6, 8 in Table 2 above. At the same time, although we adjusted for the dark region, it still cannot avoid the color from the nature problem, color 2，color 3 in Table 1 and Table 2 above reflects this. 
B. Green-sensitive region.
The blue range is the smallest in CMYK horseshoeshaped region, and LAB color is the ideal structure by CIE color. But it is not entirely uniform, especially near the blue color range [17] . It brings a certain degree of error when the conversion, such as color 4 in Table1 and color 7 in Table 2 above.
C. Imprecision of measuring instruments.
The degree of precision measuring instruments for the modeling will give a direct impact.
As Fig.10 and Fig.11 shows, the color differences between most points are fairly low. As Fig.12 and Fig.13 shows, the color difference is comparatively low while CMYK values are in the bright and middle tone area; it gets higher as the CMYK reaches the dark area.
IX. CONCLUSION
In this article, the non-uniform segmentation for source color space and the Prism Interpolation Algorithm successfully completed the color space conversion from CMYK color space to LAB. Using 182 color of S7, S8 standard color target, the result of testing the model is that the average chromatic aberration is 2.6069 while 2.4205 by Pyramid method. The color differences generated by these two methods are very small and the majority of chromatic aberration is below 4, so the modeling deviation is a little smaller.
It can be known from the results that due to limited conditions and large amount of data, so do not rule out the impact of sophistication of equipment on the modeling results. Figure 12 and Figure 13 show that when the test points in the color space divide the apex of the cube, the lowest sharp point of broken line graph is chromatic aberration, (that is the local minimum of chromatic aberration), and the interpolation deviation is the smallest. When the test points in the color space divide between two vertices of the cube, the top sharp point of broken line graph is chromatic aberration, (that is the local maximum of chromatic aberration), and the interpolation deviation is the largest. Figure 12 and Figure 13 also reflect another law: the effect of linear interpolation is the best in middle tone regions, a little better in bright regions, and poor in dark regions. In Figure 12 and Figure 13 , chromatic aberration of bright regions and the dark regions is a little larger. So it can be drawn that this algorithm can divides the dark regions intensively, and the effect is very good, but there is also a phenomenon that individual chromatic aberration is a little larger. When dark regions are divided intensively, bright regions also need to be detailed breakdown in order to reduce chromatic aberration of bright region.
By comparison, we can see that the testing results were very similar by Pyramid algorithm and Prism method, and these two methods were feasible and effective. The results were also shown that there were 6 algorithms with color differences over 5 while 8 algorithms in prism, and 5 errors were the same among them (shown in Table Ⅰ , Table Ⅱ ). The reason why the average error was slightly larger in prism method was that the prism method was not as detailed as pyramid algorithm during color partition in color space.
Practice has proved that compared to the traditional color space conversion algorithm, this algorithm is easy to implement, and the process of modeling is simple. The color space conversion has high-precision, and this algorithm can be applied to the partition and conversion of other color space.
There are a lot of works for further research, which are focused on: Firstly, other segmentation algorithm for three-dimensional look-up table, such as tri-linear method, the three interpolation prism, pyramid interpolation, tetrahedral interpolation. Secondly, the use of different types of methods, such as multiple regression, neural networks, the study of longitudinal comparison with three-dimensional look-up table method.
